Current concepts based on referral center data suggest that pelvic fl oor injury from obstetric trauma is a major risk factor for fecal incontinence (FI) in women. In contrast, a majority of community women only develop FI decades after vaginal delivery, and obstetric events are not independent risk factors for FI. However, obstetric events are imperfect surrogates for anal and pelvic fl oor injury, which is often clinically occult. Hence, the objectives of this study were to evaluate the relationship between prior obstetric events, pelvic fl oor injury, and FI among community women.
INTRODUCTION
Anal sphincter and pelvic fl oor injury during vaginal delivery can cause fecal incontinence (FI). Indeed, a recent National Institutes of Health State-of-the-Science Conference Statement on the Prevention of Fecal and Urinary Incontinence in Adults concluded that " routine episiotomy is the most easily preventable risk factor for FI ( 1 ) . " In addition to overt anal injury caused by third-or fourth-degree perineal tears or episiotomies, imaging reveals anal sphincter defects aft er vaginal delivery in up to 35 % of women by two-dimensional ultrasound and 11 % with three-dimensional ultrasound ( 2 ) . In studies from tertiary centers, anal sphincter and pelvic fl oor injury are also common in FI; in our study of 52 women with FI, 41 (79 % ) had internal and / or external anal injury and 8 (16 % ) had puborectalis injury ( 3 ) . Another tertiary referral study of 105 women with FI reported anal sphincter defects and pelvic fl oor injury in 79 and 35 % of the patients, respectively ( 4 ) . Moreover, anal sphincteroplasty is recommended in women with medically refractory FI if they have sphincter injuries ( 5, 6 ) .
However, these observations are predominantly derived from studies in specialist centers that oft en include relatively young women with severe symptoms refractory to therapy. In contrast Obstetric Trauma, Pelvic Floor Injury and Fecal Incontinence: A Population-Based Case -Control Study to these reports, advancing age, diarrhea, rectal urgency, cholecystectomy, anal fi stula, non-childbirth anal injury, urinary incontinence, chronic illnesses (e.g., diabetes mellitus or stroke), and psychoactive medications, but not obstetric trauma, are risk factors for FI among unselected women in the community ( 7 -13 ) . What explains this apparent discrepancy? One potential explanation is that the average age of onset of FI among community women is 62 years, which is several decades aft er vaginal delivery ( 14 ) . Alternatively, it is conceivable that obstetric risk factors are imperfect surrogates for anal injury; indeed, the risk of anal injury with some risk factors (e.g., forceps delivery, less than third-degree episiotomy) is variable ( 15 ) . Moreover, anal injury is oft en clinically occult (i.e., evident only at imaging), so most women with obstetric anal sphincter injury do not have postpartum FI ( 2 ) . Th erefore, the relationship of FI to remote obstetric events, pelvic fl oor injury, and disordered motion, can only be understood by imaging, which can also clarify the role of other factors (e.g., aging, pelvic surgery) that damage the pelvic fl oor ( 16, 17 ) . Th ese issues must be resolved to provide a better basis on which to prevent and appropriately treat FI. Th e objective of this study was to evaluate the relationship between risk factors for pelvic fl oor injury, anal and pelvic fl oor injury, and FI among women in the community. Although ultrasound and magnetic resonance imaging (MRI) can assess the internal sphincter comparably ( 3 ), MRI was used in this study because it is better for identifying external sphincter atrophy and visualizing the puborectalis and in contrast to ultrasound, can also assess pelvic fl oor motion ( 3, 18 ) .
METHODS
Th e Olmsted County population comprises ~ 100,000 persons, the majority of whom are white; sociodemographically, the community is similar to the United States white population ( 19 ) . Residents receive their medical care almost exclusively from two large group practices: Mayo Clinic and Olmsted Medical Center. Annually, ~ 80 % of the entire population is attended by one or both of these two practices, and nearly everyone is seen at least once during any given 3-year period. A unique medical records linkage system, the Rochester Epidemiology Project, provides an enumeration of this population (including both free-living and institutionalized) from which samples can be drawn ( 19 ) . A random sample of 5,300 Olmsted County women (including 84 nursing home residents), stratifi ed by age (10-year intervals between 20 -29 and 80 + years), was drawn from a sampling frame consisting of the unique residents seen at least once during the 10-year period, 1992 -2002. A questionnaire-based study on the prevalence and risk factors for FI was conducted among 2,800 respondents, of whom 507 had FI as defi ned by accidental leakage of liquid or solid stool unrelated to a short-term, self-limited, diarrheal illnesses in the past year ( 14, 20, 21 ) .
Identifi cation of cases and controls
Subsequently, 176 Olmsted County women with and 176 agematched women without FI participated in nested case -control study evaluating the antecedent risk factors for FI ( 22 ) . Cases did, while controls did not, have FI unrelated to a temporary diarrheal illness over the past year; and cases did not have organic diseases (e.g., neurological disorders, infl ammatory bowel disease) known to be associated with FI. Cases were matched to a control subject of the same age ( ± 5 years) without FI whose fi rst contact with the local medical system for inpatient or outpatient medical care occurred in the same year ( ± 5 years) as the index case. Among potential controls for each index case, the volunteer with the closest medical registration year was enrolled. Because registration numbers are unique to each individual and are assigned at the initial visit for each patient, this matches for the duration of documented clinical history before the index year of registration. From this group, 68 cases and 68 matched controls agreed to have MRI to assess anal sphincter and pelvic fl oor anatomy and pelvic fl oor motion. Th is protocol was approved by the Institutional Review Boards at Olmsted Medical Center and Mayo Clinic.
Study protocol
Antecedent risk factors and the characteristics of FI, including its severity as calculated by the FICA (Fecal Incontinence and Constipation Assessment) ( 14,23 ), were documented as described previously ( 22 ) . Obstetric records from providers in and outside Olmsted County were reviewed in detail and details pertaining to type of delivery (vaginal or cesarean section), forceps or vacuum assistance, episiotomy and laceration, duration of second stage of labor, and birth weight were abstracted. In all, 58 cases and 54 controls had one or more live births. For 161 of 186 live births in 54 cases and 121 of 154 in 46 controls, obstetric records from providers in and outside of Olmsted County were reviewed in detail. In 16 cases and 18 controls, details of obstetric events (118 total) were obtained by recall. For one live birth in one control, no obstetric history was available in records or by recall. As documented previously, subjects were asked to record every (i.e., continent and incontinent) bowel movement in detailed diaries for 2 weeks ( 21 ). For every bowel movement, subjects recorded the circumstances, activities, bowel symptoms before defecation, relationship of bowel movements to meals, need to strain during defecation, stool form quantifi ed by the Bristol scale ( 24 ) , and satisfaction aft er defecation (e.g., sense of incomplete evacuation). Subjects also recorded the duration during which they deferred evacuation aft er perceiving the desire to defecate, as well as the time required to defecate.
Anorectal and pelvic MRI
Using a previously described technique, the anal sphincters were imaged by a disposable endorectal colon coil (MRInnervu, Medrad, Indianola, PA) before dynamic MR proctography ( 3, 25 ) . Aft er removing the endoanal coil, 120 cc of ultrasound gel was instilled into the rectum and a four-element phased-array coil placed around the pelvis. Dynamic MR proctography was performed by an interactive single-shot, fast spin-echo imaging technique ( 3, 25, 26 ) . Images were acquired in the supine position
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with a fi eld of view of 24 -32 cm, slice thickness of 5 mm, TR (repetition time) of 1,400 -2,000 ms, TE (echo time) of 90 ms, and a matrix size of 256 × 160 (NEX 0.5). An oblique sagittal plane bisecting the anorectum was defi ned by selecting three points from axial images during real-time imaging. Images were then acquired every 1.4 -2 s during rest, squeeze, and defecation. Using real-time image reconstruction, we monitored the exam, ensured performance of desired maneuvers, and instructed or encouraged patients.
A single radiologist, who pioneered anorectal MRI at this institution, has interpreted several hundred studies and was blinded to clinical history, obstetric events, physical examination, and the results of other imaging studies analyzed all examinations. Internal anal sphincter abnormalities from endoanal MR were characterized as normal, mild focal thinning, marked focal thinning, defect, or atrophy. Internal sphincter atrophy was identifi ed by diff use thinning of this sphincter (i.e., measured diameter ≤ 1 mm). For the external sphincter, abnormalities were characterized as tears (i.e., complete disruption of the sphincter), scars (i.e., focal heterogeneous signal in the anal sphincter without complete disruption), or atrophy (i.e., diff use reduction in muscle bulk on serial images below the level of the puborectalis, such that the muscle was identifi able with diffi culty). Th e appearance of the puborectalis muscle was characterized by MRI as symmetric and normal, unilateral atrophy, or bilateral atrophy ( 3, 27 ) . A focal heterogeneous signal in the anal sphincter without a complete disruption was characterized as a scar.
For dynamic images, we evaluated the absolute value of, and changes in, the anorectal angle and perineal descent of the anorectal junction at rest and during defecation using established methods ( 3, 25 ) . Perineal descent was measured by the diff erence in the perpendicular distance of the anorectal junction from the pubococcygeal line at rest and during defecation. Anatomic defects and abnormalities present on dynamic images such as rectal prolapse, intussusception, enteroceles or peritoneoceles, and cystoceles were noted.
Statistical analysis
For each subject, the data from bowel diaries (e.g., stool frequency and form, proportion of bowel habits occurring within 60 min aft er a meal, bowel movements associated with rectal urgency, and straining-to-begin and to-end defecation) were fi rst averaged per day and then over the entire diary duration. Univariate analyses (McNemar ' s test for discrete factors and the paired t -test for continuous characteristics) examined individual risk factors for FI, and conditional logistic regression models were used to identify independent associations of multiple factors such as anatomic defects identifi ed by endoanal MR, anorectal angle or perineal descent by MR proctography, and obstetric factors, as well as to evaluate whether anal injury and pelvic fl oor motion were independent risk factors associated with FI (case vs. control status) aft er incorporating bowel disturbances alone.
Linear regression models were used to evaluate whether structural abnormalities could predict anorectal motion. In addition, logistic regression models evaluated whether obstetric risk factors could predict anal injury (i.e., any sphincter or puborectalis abnormality) by MRI. Where anal injury was the response variable, the appearance was summarized as normal or abnormal, that is, all abnormal fi ndings were collapsed into one category. Th ese additional linear and logistic regression models accounted for matching of cases and controls (i.e., considering each matched set of case and control as a " cluster " ). Odds ratios (ORs) are reported with 95 % confi dence intervals (95 % CIs) computed from the estimated logistic regression model coeffi cients and their standard errors.
RESULTS

Clinical features
By design, the age distribution was similar in 68 cases (mean ± s.e.m., 57 ± 2 years) and controls (57 ± 2 years). Sixty-seven cases and controls completed the study. One case did not have an MRI study and one control did not have endoanal MRI. Th e duration of FI was 1 to < 5 years in 20 (29 % ) cases, 5 to < 10 years in 17 (25 % ), 10 to < 15 years in 16 (24 % ), 15 to < 20 years in 4 (6 % ), and ≥ 20 years in 11 (16 % ) cases. FI began before the age of 40 years in 6 (9 % ) women, between 40 and 59 years in 32 (47 % ), and at age 60 years and older in 30 (44 % ) women.
At the interview date, 41 of 68 (60 % ) women with FI were incontinent between once a month and several times a week; 23 cases (34 % ) had less frequent symptoms while four (6 % ) patients had daily symptoms. In all, 33 (49 % ) patients reported that they typically leaked a small amount of stool (i.e., staining only). Th e remaining patients were incontinent for a moderate (i.e., requiring change of underwear but not clothes, 28 / 68 patients (41 % )) or large (i.e., requiring change of clothes, 7 / 68 patients (10 % )) amount of stool. Th e composition of FI was approximately evenly distri buted among women who leaked liquid stool or mucus only (28 % ), solid stool only (35 % ), or both liquid and solid stool (37 % ) . Th e type of FI was categorized as passive only (22 % ), urge only (40 % ), both (4 % ), or neither (34 % ). Incorporating these four ingredients, the overall severity of FI computed by the FICA scale was mild in 20 (29 % ) women, moderate in 44 (65 % ), and severe in 4 (6 % ) women.
Th e age distribution and obstetric risk factors for pelvic fl oor injury were comparable between cases and controls ( Table 1 ) . However, consistent with the source cohort, chronic diarrhea, cholecystectomy, and stress urinary incontinence were associated with FI by univariate analysis ( Table 1 ) . While other features (e.g., vaginal hysterectomy with posterior or anteroposterior repair) were more common in cases than controls, diff erences were not statistically signifi cant.
Anal sphincter injury and pelvic fl oor motion in FI
Internal ( P = 0.001) and external ( P = 0.003) anal sphincter injuries were signifi cantly more common in cases than in controls ( Table 2 ; Figures 1 -3 ). While puborectalis abnormalities were also more common in cases, diff erences from controls were not statistically signifi cant ( Figure 4 ). Some cases and controls had injury to two or more muscles. Of the 12 cases with puborectalis
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Pelvic Floor Injury and Fecal Incontinence injury, four also had external and fi ve had internal anal sphincter injury. Similarly, of the eight controls with puborectalis injury, two also had external and one had internal anal sphincter injury. Th e anal canal was patulous at rest in three cases and two controls. Table 3 summarizes observed changes in the anorectal angle and pelvic fl oor location from rest to squeeze and rest to defecation. As expected, dynamic MR proctography revealed narrowing of the anorectal angle and elevation of the perineum during pelvic fl oor contraction (i.e., squeeze) and widening of the anorectal junction and perineal descent in both cases and controls. Th e reduction in the anorectal angle during squeeze ( P = 0.07) and perineal descent during defecation ( P = 0.01) was smaller in cases than controls, but the magnitude of observed diff erences was small. Using 10 -90th percentile values in controls, 15 of 67 cases (22 % ) had reduced anorectal change and 7 (10 % ) had reduced anorectal motion during squeeze. Th irteen (19 % ) had reduced anorectal descent during evacuation; this was the diff erence between the perpendicular distance of the junction from the pubococcygeal line at rest and during evacuation. Taken together, 27 cases (40 % ) had one or more of these three major abnormalities of anorectal and pelvic fl oor motion.
Compared with women without anal and puborectalis injury, the anorectal angle change from rest to squeeze was smaller in cases with internal anal sphincter ( P = 0.02) and puborectalis injury ( P = 0.005) ( Table 4 ). Puborectalis injury was also associated with less elevation ( P = 0.06) and decreased anterior motion of the anorectal junction ( P = 0.05) during squeeze. Th us, in the multiple variable analysis incorporating two variables, internal sphincter injury (OR: 8.8; 95 % CI: 2.3 -34) increased the risk of FI, and reduced perineal descent during defecation was also associated with an increased risk of FI (OR: 1.7; 95 % CI: 1.2 -2.4).
During the post-defecation Valsalva maneuver, enterocoeles (one case and one control), peritoneocoeles (three cases, one control), rectal intussusception (two cases, four controls), and rectal prolapse (one case and one control) were uncommon. Th e prevalence of cystocoeles (39 cases and 36 controls) also did not diff er between cases and controls.
Relationship between bowel disturbances, pelvic fl oor injury, and FI
In a conditional logistic regression model incorporating data from bowel diaries, the proportion of bowel movements preceded by urgency (OR (per 10 % ): 3.0; 95 % CI: 1.4 -6.5; P = 0.005) and stool consistency (OR (per unit): 10; 95 % CI: 1.9 -58; P = 0.008) Bilateral atrophy 3 5 a P < 0.01 for any injury, cases vs. controls. In discordant pairs, the case and corresponding control had different fi ndings, that is, only one subject, either the case or control, was abnormal. The internal anal sphincter fi ndings were discordant between cases and controls in two case -control pairs. Thus, in 18 pairs, the case only was abnormal while in three pairs, the control only was abnormal. Likewise for the external sphincter, the case only was abnormal in 16, the control only was abnormal in three pairs. For the puborectalis, 12 pairs of the case only was abnormal while eight pairs the control only was abnormal.
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were associated with an increased risk of FI. Since higher values refl ect less formed stools on the Bristol Stool Form Score, this suggests that looser stools are associated with an increased risk of FI. In these models, anal and pelvic fl oor injury and indices of pelvic fl oor motion were not independently associated with FI ( P = 0.089 for internal anal injury and P >0.13 for others, cases vs. controls).
Relationship between obstetric risk factors, pelvic fl oor injury, and disordered pelvic fl oor motion Table 5 compares the distribution of anal injury in women with and without putative obstetric risk factors for injury to the internal or external anal sphincter or puborectalis. A history of thirdor fourth-degree episiotomy was the only obstetric risk factor associated (OR: 3.9; 95 % CI: 1.4 -11) with any pelvic fl oor injury (i.e., aff ecting the internal and / or external sphincters and / or puborectalis muscle) by MRI. Th e contribution of obstetric risk factors to disordered pelvic fl oor motion was also assessed for the two parameters, which were 
Pelvic Floor Injury and Fecal Incontinence
independently useful for discriminating between controls and FI, that is, the anorectal angle change from rest to squeeze and perineal descent during defecation. Th e anorectal angle change during squeeze was lower in subjects who had ( − 22 ± 5 ° ) compared with those who did not have ( − 32 ± 3 ° ) a history of a third-or fourthdegree episiotomy ( P = 0.03). Other obstetric risk factors (i.e., forceps-assisted delivery and prolonged stage of labor) were not risk factors in these models.
Relationship of smoking to anal sphincter and puborectalis atrophy
Five of the 10 (50 % ) women with external sphincter atrophy had a ≥ 20 pack-year history of smoking, which is higher ( P = 0.052) than the corresponding proportion (28 of 124 (23 % )) of women who did not have external sphincter atrophy. Four of the fi ve heavy smokers with external sphincter atrophy had no known obstetric risk factors for anal injury (i.e., forceps or vacuum-assisted delivery, grade 3 or 4 laceration, or birth weight >4,000 g). In contrast, four of the fi ve non-smokers with external sphincter atrophy had at least one obstetric risk factor. In contrast, internal sphincter and puborectalis atrophy were not associated with smoking. Th e only woman with and 32 of 133 (24 % ) women without internal sphincter atrophy were smokers. Th ree of 18 (17 % ) women and 30 of 116 (26 % ) without puborectalis atrophy were smokers. Moreover, in contrast to atrophy, injury of the external or internal sphincter or puborectalis were not associated with heavy smoking (data not shown).
DISCUSSION
Current pathophysiologic concepts and clinical practice guidelines emphasize the role of pelvic fl oor injury and weakness in the etiology of FI ( 2, 28 ) . However, these recommendations are based primarily on uncontrolled studies of patients at tertiary centers who oft en have postpartum and / or severe FI and not among community women with FI generally. While vaginal delivery can cause anal injury, obstetric events were not risk factors for FI among unselected women in the community ( 22 ) . However, obstetric risk factors are imperfect surrogate markers for anal injury, and anal injury may only be evident at imaging ( 15 ) . Th is is the fi rst population-based study to evaluate pelvic fl oor anatomy and function by MRI among women with and without FI, permitting an assessment of the relationship between obstetric events, pelvic fl oor injury, pelvic fl oor motion, and FI. Compared with the original cohort of 2,800 women from which this sample was derived, 68 women with FI had more severe symptoms, that is, 65 % here vs. 49 % in the original cohort had moderate and a similar proportion (i.e., 6 vs. 5 % ) had severe symptoms ( 20 ) . One-third of cases had FI less than once per month, which is lower than the corresponding proportion (46 % ) in a large community-based survey from the United Kingdom ( 7 ) . While the impact on quality of life is correlated with symptom severity ( 7, 14 ) , even women with occasional symptoms may feel threatened by the fear of having FI. Similar to the larger source cohort, the prevalence of cholecystectomy, functional diarrhea, 
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similar to the 11 % prevalence in primiparous women by more recent studies with three-dimensional ultrasound ( 33 ) . In retrospect, it has been suggested that two-dimensional ultrasound may mischaracterize defects in the transverse perineii or puboanalis muscles, which are not associated with anal weakness, as external sphincter defects ( 33 ) . Second, in contrast to asymptomatic women, the internal and external sphincters were each damaged in ~ 25 -30 % of women with FI. Th is is considerably lower than the prevalence of internal (56 % ) and external (65 % ) sphincter defects among patients with FI in our tertiary referral practice ( 3 ), which demonstrates the potential impact of referral and the body mass index were higher in FI than in age-matched controls ( 22 ) . Although ultrasound and MRI can assess the internal sphincter comparably ( 3 ), MRI was used in this study because it is better for identifying external sphincter atrophy and visualizing the puborectalis and in contrast to ultrasound, can also assess pelvic fl oor motion. Based on this technique, there were three key observations: First, the prevalence of internal and / or external anal sphincter injury in asymptomatic women was only 10 % , which is considerably lower than the prevalence (i.e., 23 -35 % ) in older studies with two-dimensional ultrasound ( 29 -32 ) but women who were not 20 pack-year smokers. Conceivably, these fi ndings may be partly explained by observations that smoking impairs muscle protein synthesis and increases the expression of genes associated with impaired muscle maintenance, thereby increasing the risk of sacropenia in skeletal muscle ( 39 ) . Moreover, structural and functional changes in skeletal muscle have been demonstrated even in chronic smokers who did not have chronic obstructive pulmonary disease ( 40 ) . Indeed, in the latter study, smoking had more pronounced eff ects on the cross-sectional area of type I than type II muscle fi bers; the external anal sphincter in humans is predominantly composed of type I muscle fi bers ( 41 ) . Th e internal sphincter, which is made of smooth muscle, was not aff ected. Th e fi ndings of this study apply to a population of predominantly white women with FI. Th e survey response rate of 53 % was lower than earlier community-based studies from the Rochester Epidemiology Project but comparable to more recent experience ( 42 -44 ) . We do not know if non-responders have diff erent risk factors for FI. While pelvic fl oor motion was evaluated by MRI, the functional signifi cance of anal sphincter defects is unclear since anal pressures were not evaluated. In addition to obstetric injury, other factors, perhaps unidentifi ed, may also weaken the pelvic barrier.
From a clinical practice perspective, these fi ndings are useful since they confi rm the fi ndings from the larger " source " cohort for this study ( 22 ) , as well as the National Health and Nutrition Examination Survey study ( 12 ) , which suggest that bowel disturbances are the most important risk factors for FI among women in the community. By doing so, they provide the scientifi c basis for conservative measures, primarily directed toward managing bowel habits, as the initial approach in women with FI ( 5 ). However, anal imaging should be considered in women who have refractory FI despite adequate management of bowel disturbances ( 2 ) . While endoanal MRI and ultrasound are generally comparable, ultrasound does not reliably identify external sphincter atrophy, which may predict poorer outcome aft er anal sphincteroplasty ( 45 ) . Th e fact that anal defects were also observed in asymptomatic controls reinforces the concept that many anal sphincter defects may not be clinically signifi cant. Hence, consensus guidelines that advocate surgical repair of sphincter defects in women with " idiopathic " FI ( 5,6 ) need to be revisited. Conceivably, the time interval between vaginal delivery and the onset of FI may be useful for determining whether anal sphincteroplasty is an appropriate option for sphincter defects in FI. In addition to identifying sphincter and puborectalis injury, MRI also evaluates pelvic fl oor motion, which also provides useful information in FI. First, the recognition of impaired evacuation, which aff ects a subset of patients with FI, may reinforce the need for pelvic fl oor retraining by biofeedback therapy to improve evacuation. Second, assessment of pelvic fl oor motion during voluntary contraction provides an approach to ascertain the functional signifi cance of pelvic fl oor injury. Conversely, impaired pelvic fl oor contraction in patients who do not have pelvic fl oor or neural injury is more likely due to a functional disturbance. Th ird, assessment of pelvic fl oor motion may provide useful information before anal sphincteroplasty. A retrospective assessment of pelvic fl oor motion by ultrasound 9 years aft er sphincteroplasty observed that the bias on data from academic centers. Similarly, in contrast to our clinic-based study ( 3 ), the anorectal angle change during pelvic fl oor contraction was not signifi cantly diff erent between cases and controls in this community-based study. Th ird, while internal and, separately, external anal injury were more common in cases than controls, only internal anal injury was associated with impaired anorectal motion during pelvic fl oor contraction, and only internal anal sphincter injury remained signifi cant in the fi nal model of imaging parameters for discriminating cases from controls. Taken together, these fi ndings suggest that internal sphincter injury refl ects more severe damage than external sphincter injury and are consistent with the observation that internal but not external sphincter injury was a risk factor for postpartum FI ( 34 ) . Confi rming previous observations, bowel disturbances (i.e., stool consistency and the symptom of rectal urgency) were independent risk factors for FI in this cohort ( 11, 12, 22 ) . However, pelvic fl oor injury and dysfunctions did not enhance the utility of bowel disturbances for discriminating cases from controls.
In addition to anal sphincter weakness, FI is also associated with levator ani defects, puborectalis atrophy, and weakness of these muscles ( 3, 35 ) . Another study of 105 women with FI reported anal sphincter defects and pelvic fl oor injury in 79 and 35 % of the patients, respectively ( 4 ). In our study, anorectal motion during pelvic fl oor contraction was reduced in women with puborectalis injury as demonstrated previously ( 3 ). However, puborectalis injury and pelvic fl oor motion during voluntary contraction were not signifi cant risk factors in the multivariate model, perhaps because internal sphincter injury was also associated with, and hence partly explained by, reduced anorectal angle change from rest to squeeze. While the internal anal sphincter does not contribute to pelvic fl oor motion during contraction, it may represent a marker for patients who have more pelvic fl oor injury, including involvement of the puborectalis muscle.
Grade 3 or 4 episiotomy is a known risk factor for external and internal anal sphincter defects shortly aft er a vaginal delivery ( 36 ) . In this cohort, grade 3 or 4 episiotomy was also a risk factor for anal or pelvic fl oor injury as observed by imaging several decades aft er vaginal delivery. However, within the larger case -control study from which this nested cohort was obtained, obstetric risk factors for anal injury were not, in contrast to bowel disturbances, independent risk factors for FI ( 22 ) . Recognizing that nearly 90 % of women in this cohort developed FI at age 40 years or older, these fi ndings argue against the concept that obstetric events are a primary determinant of late-onset FI and suggest that, similar to urinary incontinence ( 37 ), obstetric trauma (e.g., forceps use) is a stronger risk factor for postpartum FI ( 30 ) than for delayed onset FI ( 38 ) .
Current smoking was a risk factor for FI in the larger " source " cohort ( 22 ) . In the present study, a 20 pack-year history of heavy smoking was associated, for the fi rst time, with external sphincter atrophy. As the fi ndings in this small sample were of borderline statistical signifi cance, this potentially important observation needs to be confi rmed. While the numbers are too small to permit multivariable statistical analysis, four of fi ve 20 pack-year smokers did not have obstetric risk factors for FI, whereas the converse was true in outcome did not diff er, neither between patients with and those without pelvic fl oor injury, nor between patients with and those without an adequate repair ( 46 ) . However, patients with an adequate repair and an intact pelvic fl oor did have a better outcome than patients with one or both abnormalities. Th ese fi ndings need to be confi rmed by prospective studies.
In summary, MRI reveals pelvic fl oor injury or abnormal anorectal motion in a minority of community women with FI. Internal sphincter injury and reduced perineal descent during defecation are independent risk factors for FI. In addition to grades 3 -4 episiotomy, smoking may be a potentially preventable, risk factor for pelvic fl oor injury.
